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Report No. 710/33 '
Watertown Arsenal October 22, 1934

ARMOR PIERCING BULLET CORE STOCK.

References.

0.0. 471.84/759
W.A. 471.84/4
F.A. 461/1357-1

Material

S8ix specimens of A. P. Bullet Core Stock were received
from Frankford Arsenal for metallurgical study. Their
description was given in F. A. 461/1367-1 1lst Ind.

Conclusions

l. S8pecinens 1, 2, 3 were fairly clean.
. 4 and 6 were dirty.
) 5 was rather dirty, contained many fine
inclusions in bands.
2. No appreciable surface decarburization was found.
3. All specimens had a banded high carbon center
suggestive of the segregation of piped stock.

4. The metal near the surfaces of all specimens

showed only slight banding.
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Report No. 710/33 - :
Watertown Arsenal October 22, 1934

ARMOR PIERCING BULLET CORE STOCK.

Referennes.

0.0. 471.84/759
W.A. 471.84/4
P.A. 461/1357-1

Material
Six specimens of A. P. Bullet Core Stock were received

fron Frankford Arsenal for metallurgical study. Their
desoription was given in P. A. 461/1357-1 let Ind.

Gonelusions

1. Specimens 1, 2, 3 were fairly clean.
" 4 and 6 were dirty.
J 5 was rather dirty, contained many fine

inclusions in bands.
2. No appreciable surface decarburization was found.
S. All specimens had a banded high carbon ceanter
suggeetive of the segregation of piped stook.
4. The metal near the surfaces of all specimens

showed only slight banding.
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8. The struoture of cores A
2 1 and ¢ were sorbitic and elightly epheroidized. s
2, 3, 6 were completely epheroidized. ;--1;431
5 was sorbitio and partially spheroidized. 6=
oo
According to Frankford Arsenal letter 461/1357-1 lst T
Ind., the specimens were selected as follows:- ¢::;§
1. Oarpenter Steel Co. Cal. .30 014 etock ground y -; ;4
to sige. :L£~J
2. Universal Steel Co. Cal. .30 new etook ground to o 554}?
i eize Heat © 11261. A ' . .
5 . 1.k
-\ S. Universal 8Steel Co. Cal. .30 new stock ground to _-ﬁ;*e
s eize Heat C 11282. SRR
) 4. Carpenter Steel Co. Oal. .50 old stook ocarburiged .———-—---
J S I
cold drawn. S
) 5. Carpenter Steel Co. Cal. .80 0ld etook carburized - ?ifﬁgﬁ;&f
6old drawn norasliged. fiiii%l;
6. Orucible Steel Co. Oal. .50 new stook ocarbdburized : "f '
Heat J9417 ground to eige. o a o
ghenlcal Analysie 3 .' |
gore o Mg & 8 P O W L
1 1.00 .04 .89 0156 .014 .64 4.13 o
] 1.085 .28 .300 .016 .008 .68 4.08 o
S 1.068 .29 .88 .0l¢ .010 .60 4.11
¢ outside 1.006 .37 .515 .0l¢ .016 .70 4.34 - @
4A center 1.13 37 .51 .01¢ .04 .89 4.33
b O\Itlid. 089 096 028 0016 om .48 ‘03.8 SR TR
6A oenter .968 .86 .276 .016 .010 .47 4.23 e Sk
- 6 O\It.ld. 1.07° o” o” 0016 0017 .58 3." g
- v “ O.n“l' 1007° 030 088 0015 001’ ob’ 3.33 .
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Diecuseion

Specimens 1, 2, 3 were fairly clean and 4, 5, 6 were
rather dirty, however, the amount of dirt was well within
the usual commercial limits. No decarburization wae
found in 1, 2, 3 and 6 but inaemuch ae these had been
ground to size, decarburization voqld not be expected
unless severe decarburization had taken place in process-
ing. Cores 4 and 5 had a shallow skin of about .80C.

The microstructure of all specimene had a banded
higher carbon center euggestive of the eegregation of
piped stock. The metal near the surfaces showed only
slight banding. The banding consieted primarily of iong
chains of carbides which were larger than the carbides
between the chains. The structure of the cores, aslde
from ocarbide chaine, varies as followe:-

Coree 1 and 4 sorbite with a elight tendency
to spheroidize.

Core 5 sorbite partially spheroidised.

Cores 2, 3 and 6 completely spheroidised.

According to Frankford Arsenal letter 461/1357-1 -
Srd Ind. lois 4 and 5 are exhasusted, therefore, will not
be considered further in this report.

To remove the chainlike carbide eegregation in the
centere of the coree it will prodadly require a eosewhat
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higher temperature than is at present used, namely,
Cal. .30 1480-1500°F, Cal. .50 1800-1680°F. Probadly
a double heat treatment may be required, such as

\

stook Normalized
1700°F - 1 hr. - alr
Machined and Hardened from

160097 - 1/4 hr. - oil
400°' = 1/9 hr, « alir

It is noted in the hsat treatment as given by
Frankford Arsenal that the cores are quenched in water
at 70°F. This seems rather drastio. This type of steel
is 6tun refsrred to as oil mung stesl.

It is be ievad that the completsly spheroidised
cores 2, S and 6 will reepond to heat treatments -suoh
more readily than oore #1 which i eorbitic with little

spheroidisation of ths carbides.

Respeotfully subaitted,

H. 0. Carter.
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Fig. 1

X100 Unetohed A.P. Core #1

Fig. 8

X100 1% Nital etched A.P. Core #1

rig. 3.
X100 1% Nital etched A.P. Core #1

Fairly clean
MA 6

Cutside.rine -
fora, very ohghu.v
banded sorbite. Mo
deocarbdburisation.

MA 1¢

Center. Fine banded
sorbite. 8lightly
segregated oarvides
:; chains. See Fig.

MA 18
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Flg. 4 _
X100 Unetched A.P. Core #2 Fairly oclean.
MA 7

Fig. &

100 Nital etched A.P. Core #2 Outside. Fine uni-

= 1 form. Very slightly
banded, completely
spheroidized sorbdite.
No decarburization.

MA 16

Fig. 6

X100 Nital etohed A.P. Core #2 Center. Fine, banded,
-~ slightly segregated
carbids chains, com-

pletely spheroidiged

sorbite. See Fig. 21.

MA 17
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rig. 7

X100 Unetched A.P. Oore #3

Fig. 8

X100 1€ Nital A.P. Oore #3

Fig. 9

X100 1f Nital AP, Oore #3
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Fairly olean. Ty
B MA 8 )

3::;14;. Fine,

o voz
:upltgly ' .
spheroidized y

sorbite. MNo decare e
burigation.

MA 18

Center. JFine, banded,

lightly se ted
monohng:nooa- ,

pletely |phoroiuud 4

sorbite. See Fig. 8l.
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Fig. 10
X100 Unetched A.P. Core #4

Fig. 11
X100 1 Nital etched A.P. Core #4

Fig. 12
X100 1f Nital etched A.P. Core #4

Fig. 13
X1000 1§ Nital stohed A.P. Core #4

DArvy.
MA 9

mt.l“o '1!10, m"
form, very slightly
banded sorbite. De-
ogbgruod .0056® to

MA 20

Center. Fine banded
sorbite consideradly
segregated carbide
chains.

¥MA 81

1/2 0.C. nlshtg
spheroidized sorbite.

Numerous carbide
segregates.
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X100 Unetched

X100 1f Nital

X100 1§ Nital

X1000 1% Nital

Fig.
AP,

Pig.
A.P.

Fig.
AP,

rig.
A.P.

PR C L IR )

Core #5

15
Core #5

16
Core #5

17
Core #5

»

Fairly dirty. Many
fine banded inclusions.

MA 10
Outside. Fins, uniform,
very slightly banded
sorbite. Deoarburized
.007" to .80 C. :

MA 22 L

Center. Fine banded
sorbite oonsiderably
segregated carbide chains.

MA 23

1/2 0-C. Partially
spheroidized sorbite.
Numerous carbide

segregates.
MA 27
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.......
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Flg. 18
X100 Unetched A.P. Core #6 Dirty.

MA 11
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Fig. 19

X100 1% Nital etched A.P. Core #6 Outside. Fine, . @
unifora, very !
slightly banded
sorbite. No deoar-
burigation.

MA 24

—u
@)
oo,

Fig. 20
X100 1% Nital etched A.P. Core #6 Center. Pine, o A
banded, sorbite.
Slightly segregated
carbide chains.

MA 25

Fig. 81

X1000 1% Nital etched A.P. Core #8 1/2 0-C. Completely
spheroidized sorbite.

L4
MA 86 S
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